Abstract-This article considers the effect of duct shape on the Nusselt number. In order to show the effects of duct shape on the Nusselt number, four illustrative examples are given: the heat transfer in a duct of rectangular cross-section, heat transfer in a duct of semicircular cross-section, the heat transfer in a duct of circular crosssection and heat transfer between two parallel plates. The method used in this paper is general and it can be applied al flows. It is not necessary to use thin plate analogy, first, the velocity distribution is obtained and then the temperature distribution is found. It is shown that the Nusselt numbers calculated for the four examples cited depend not only on duct shape but also on wall friction.
INTRODUCTION
The effect of duct shape on heat transfer in a duct of uniform cross-section is investigated. In order to show the effect of duct shape on heat transfer, heat transfer in a duct of rectangular cross-section, heat transfer in a duct of semicircular cross-section, heat transfer in a duct of circular cross-section, and heat transfer between two parallel plates are considered. The flow and the heat transfer in these ducts, apart from their theoretical interest, are of considerable practical importance and arise frequently in industrial processes. Laminar flow forced convection in rectangular ducts has been given by Clark and Kays [1] . The heat transfer in ducts of rectangular, equilateral triangular, rightangled isoceles triangular, and semicircular cross-sections have been studied by Marco and Han [2] . They considered heat transfer in a duct of rectangular cross-section by making analogy to thin plate theory and they gave the conditions under which the solution is permissible. By this analogy, first the temperature distribution is obtained and then the velocity distribution is found. In this paper, it is shown that it is not necessary to use the thin plate analogy; first, the velocity is obtained and then the temperature distribution is found. The method used in this paper is easier than that in [2] and it can be extend to other ducts. The values of the Nusselt number in a duct of rectangular cross-section depend on the aspect ratio, a b / . The values of the Nusselt number for heat transfer between two parallel plates, 0 / = a b , is 17 / 140 or about 8.23529412 to eight decimal places and for heat transfer in a duct of square crosssection, where
, is about 3.849172 to six decimal places. The values of the Nusselt number in [2] differ from those in this paper. Calculation of the Nusselt number in a flow in which the velocity depends on two coordinates is different from that in a flow in which the velocity depends on one coordinate [3] .
The velocity distribution for flow in a duct of semicircular cross-section have been given by Eckert et al. [4] . They presented the results of calculation for steady laminar flow. Pressure drag and friction factor values for a duct of semicircular crosssection have been studied by Sparrow and Haji-Sheikh [5] . The linearization method was applied to developing flow in these ducts [6] . The steady flow in a curved semicircular duct has been investigated by Mashliyah [7] . Calculation of the flow was made by solving the Navier-Stokes equation numerically. The flow in a curved semicircular duct is composed of a main flow along the curved duct axis with a superimposed secondary flow. A comprehensive work on heat transfer in circular and non-circular ducts has been given in [8] .
In this paper, heat transfer in ducts of rectangular cross-section, semicircular cross-section, circular cross-section and the parallel plate duct are considered. First the velocity distribution and then the temperature distribution are calculated. Using the expressions of the velocity and the temperature for the considered ducts, values of the Nusselt number are obtained. The calculation methods for velocity and temperature which depend on two coordinates are different than the methods for which they depend on only one coordinate. The value of the Nusselt number for a duct of rectangular crosssection depends on the aspect ratio, a b / . The value of the Nusselt number is the smallest for a duct of square cross-section for which the aspect ratio equals to unity. The value of the Nusselt number is the greatest for 0 / = a b . This value of the aspect ratio corresponds to the heat transfer between two parallel plates. The calculation in this paper is made by assuming that the surface temperature varies linearly along the duct. In the case of a duct of semicircular cross-section the calculation of the Nusselt number is straightforward and it is found that the value of the Nusselt number is about 4.489611795 to nine decimal places. It seems to be impossible to obtain this value as a fraction.
In the case of a pipe of circular cross-section the value of the Nusselt number is 11 / 48 or about 4.363636364 to nine decimal places. This value is smaller than that for a duct of semicircular cross-section.
In this paper, the values of the Nusselt numbers obtained are about, 3.5441771 for a duct of square cross-section; 11 / 48 (or 4.363636364) for a circular pipe, about 4.088184147 for a duct of semicircular cross-section and 17 / 140 (or 8.23529412) for a parallel plate duct. These values of the Nusselt number show the effect of duct shape on heat transfer.
HEAT TRANSFER IN A DUCT OF RECTANGULAR CROSS-SECTION
Consider the fluid in a duct of rectangular cross-section where sides are at a x ± = and b y ± = as shown in Fig. 1 , it is assumed that b a ≥ throughout the paper. The governing equation for velocity is dz dp y
where ) , ( y x w is the axial velocity and dz dp / is the constant pressure gradient. The boundary conditions are 0 
where T is temperature andκ is thermal diffusivity. The boundary conditions for T are
is a constant and
The solution subject to these boundary conditions is
where The Nusselt number is the ratio of the convective conductance to the pure molecular conductance and is defined as
where q is the quantity of heat transferred per unit time from an immersed body through an area S, Hence inserting this expression, the Nusselt number can be written as [2] ∫ ∫
S D / is the ratio of the hydraulic diameter to the perimeter of the cross-section times unit length. Hydraulic diameter is defined as four times the wetted area to the perimeter of the cross-section. Using the surface temperature, equation (5) . This value is verified by calculating the Nusselt number for a duct of two parallel plates which is about 8.235294118 to nine decimal places. However, this value is given in [2] as about 8.21. 1 / = a b corresponds to a duct of square cross-section and the value of the Nusselt number is about 3.5491771 to seven decimal places. However, this value in [2] is about 3.60. The variation of the Nusselt number with respect to a b / is illustrated in Fig. 2 . It is clearly seen that when a b / tends to zero, the Nusselt number reduces to that for the Nusselt number between two parallel plates and when a b / is equal to unity, the Nusselt number reduces to that for the Nusselt number in a duct of square cross-section. The value of the Nusselt number is the greatest for 0 / = a b and the smallest for 1 / = a b . 
HEAT TRANSFER IN A DUCT OF SEMICIRCULAR CROSS-SECTION
Consider the fluid in a duct of semicircular cross-section and the flow geometry is shown in Fig. 3 . The governing equation for velocity is dz dp w r r w r r w µ θ
where ) , ( θ r w is the axial velocity and dz dp / is the constant pressure gradient. 
where 
where The value of the Nusselt number is about 4.088184147 to nine decimal places. This value of the Nusselt number is comparable to that for a pipe of circular crosssection.
HEAT TRANSFER IN A PIPE OF CIRCULAR CROSS-SECTION
Consider the fluid in a pipe of circular cross-section as shown in Fig. 4 . The governing equation for velocity is dz dp r w r r w µ
where ) (r w is the axial velocity and dz dp / is the constant pressure gradient 
= , where ) ( y u is the velocity and dx dp / is the constant pressure gradient. The boundary 
CONCLUSIONS
The effect of duct shape on the Nusselt number is investigated. In order to show the effect of duct shape, four illustrative examples are given. One of them is heat transfer in a duct of rectangular cross-section, the second is heat transfer in a duct of semicircular cross-section, the third is heat transfer in a pipe of circular cross-section and the fourth is heat transfer between two parallel plates. The methods used in this paper can be applied to all flows. It is necessary to use the thin plate analogy. First, the velocity distribution is obtained and then the temperature distribution is found. The values of the Nusselt numbers are: about 3.5491172 for a duct of square cross-section, about 4.363636364 for a circular pipe, about 4.088184147 for a duct of semicircular cross-section and about 8.235294118 for a flat duct. Values of the Nusselt numbers obtained in the four examples considered show clearly that the Nusselt number depends on the duct shape.
